Urban vegetative plantings are considered desirable to mitigate and filter stormwater runoff and nonpoint-source pollution. Phosphorus fertilization of turfgrass may enhance P in urban runoff; however, the amount of P from nonfertilized, native vegetation that could potentially replace some turf is not known. This study was conducted to measure the relative contributions of nonfertilized, native prairie vegetation and fertilized turfgrass to runoff water and P loads. Six replicates of side-by-side mature urban prairie and turfgrass were monitored for mean annual runoff volumes and P loads, biomass production, vegetative nutrient composition, and changes in soil moisture. Vegetation type did not significantly affect seasonal or annual runoff volumes or P loads. The mean annual total P loads of 0.46 kg ha -1 for prairie and 0.28 kg ha -1 for turfgrass were significant and comparable to those reported by other researchers when studied separately. Total P concentrations in runoff water from prairie and turf vegetation were above USEPA limits, averaging 1.86 and 1.63 mg L -1 , respectively, over 2 yr. Averaged across 2 yr, 78% of runoff P was collected when the soil was frozen. Biomass P reductions over the period of November to April were strongly related to quantities of runoff total P from frozen soil (R 2 = 0.874). Phosphorus losses from urban areas appeared to be primarily correlated with runoff depth, not vegetation type, because correlation coefficients revealed 86 and 45% of the Year 1 and Year 2 total P loads were directly accounted for by runoff volumes.
Urban vegetative plantings are considered desirable to mitigate and filter stormwater runoff and nonpoint-source pollution. Phosphorus fertilization of turfgrass may enhance P in urban runoff; however, the amount of P from nonfertilized, native vegetation that could potentially replace some turf is not known. This study was conducted to measure the relative contributions of nonfertilized, native prairie vegetation and fertilized turfgrass to runoff water and P loads. Six replicates of side-by-side mature urban prairie and turfgrass were monitored for mean annual runoff volumes and P loads, biomass production, vegetative nutrient composition, and changes in soil moisture. Vegetation type did not significantly affect seasonal or annual runoff volumes or P loads. The mean annual total P loads of 0.46 kg ha -1 for prairie and 0.28 kg ha -1 for turfgrass were significant and comparable to those reported by other researchers when studied separately. Total P concentrations in runoff water from prairie and turf vegetation were above USEPA limits, averaging 1.86 and 1.63 mg L -1 , respectively, over 2 yr. Averaged across 2 yr, 78% of runoff P was collected when the soil was frozen. Biomass P reductions over the period of November to April were strongly related to quantities of runoff total P from frozen soil (R 2 = 0.874). Phosphorus losses from urban areas appeared to be primarily correlated with runoff depth, not vegetation type, because correlation coefficients revealed 86 and 45% of the Year 1 and Year 2 total P loads were directly accounted for by runoff volumes.
Potential Contributions of Mature Prairie and Turfgrass to Phosphorus in Urban Runoff
K. Steinke,* W. R. Kussow, and J. C. Stier E utrophication of freshwater lakes and streams caused in part by P-enriched urban runoff waters fueling P-limited algal and weed growth continues to be identified as an environmental threat (Correll, 1998; USEPA, 2012) . Sediments from agricultural fields and construction sites have often been identified as significant sources of P in runoff entering surface waters (Krenitsky et al., 1998; Sims and Sharpley, 2005 ). Yet, fertilizer applied to home lawns continues to be a popular target of regulators. In response, local units of government have passed fertilizer use restrictions for turfgrass management and promoted planting of nonfertilized native species, aimed at curbing nonpoint-source pollution and fostering water quality improvements in urban lakes and streams (Stier and Soldat, 2011) .
The effectiveness of P bans for turfgrass management is debatable. Fertilizer P applications under the climatic conditions of the upper Midwest have not consistently increased lawn runoff P loads (Kussow, 2008; Bierman et al., 2010) . The data of Bierman et al. (2010) suggest that fertilizer P rates need to be approximately three times those recommended to consistently increase runoff P loads. Contrary to agricultural settings, which have different management practices than turf, most lawn P legislation is based on soil test P, yet Soldat and Petrovic (2008) found that lawn runoff P did not normally correlate to soil test P levels (64-833 mg kg -1 P). These observations and the foregoing discussion have led to the assumption that plant-derived P is a prominent source of the total P in runoff from urban landscapes particularly when loss is predominantly from frozen soil (FS) (Steinke et al., 2007) . The vegetation-derived P would then constitute a background runoff P load that is largely independent of fertilization practices and soil test P levels, would not be significantly modified by fertilizer P bans, and could render the bans ineffective in reducing urban landscape runoff P loads. Four years after passage of a fertilizer ban, Minnesota Department of Agriculture officials were unable to detect any changes in water quality in the Twin Cities lakes (Minnesota Department of Agriculture, 2007) . However, inlet P concentrations were not reported in this study, and several factors, including internal P loading, could have offset any changes in quality of water entering the lake. In contrast, Lehman et al. (2009) reported that 2 yr into a P ban the total P concentrations in the Huron River in Michigan had been reduced 17%. However, the P ban was part of a simultaneously implemented, multifaceted approach to reducing urban runoff P loads, which precluded isolation of a single cause for the changes in river total P concentrations (Lehman et al., 2009 ). Of particular importance in the watershed may have been an effort to curb yard waste discharge.
In urban areas, vegetative plantings are considered desirable to mitigate runoff resulting from the interconnectedness of impervious areas (e.g., rooftops, driveways, and roads) that may drain to surface waters (Brander et al., 2004; Miltner et al., 2004) . Plant-derived P is potentially a major contributor to overall P loads in runoff waters, especially in areas with frequent, multiple frost/freeze cycles with plant material on the soil surface (White, 1973; Roberson et al., 2007; Steinke et al., 2007) . Even during the growing season, plants can be a prominent source of P. Waschbusch et al. (1999) attributed the P from Madison, WI, streets to leaching from the over-reaching tree canopy. Plant-derived P in annual cropping systems has been shown to be a major contributor of soluble P (SP) loads in runoff waters collected during the growing season (Sharpley, 1981; Schreiber, 1999) . In Finland, Uusi-Kamppa (2005) measured 70% greater SP loads from buffer strips comprised of nonharvested natural vegetation as compared with harvested buffer zones. The authors attributed this to P leaching from decaying plant residues during spring runoff. Nonwoody vegetation may merely provide short-term storage of P and other nutrients because the onset of autumn and cooler temperatures causes foliage to senesce, allowing susceptible vegetation to release nutrients (Raty et al., 2010) . Richardson (1985) estimated 35 to 75% of plant-derived P to be released from vegetation after tissue death in freshwater wetland ecosystems. Reddy et al. (1995) detailed a similar plantderived nutrient release process in wetland macrophytes.
Urban environments are dominated by a multitude of plant species that are perennial but dynamic in nature. These locations are split into much smaller land parcels that may be physically altered as landscapes age and property changes ownership. Compared with agricultural buffer zones where runoff and sediment retention are of primary focus, vegetated urban buffer zones create opportunities to prevent runoff occurrence because close to 90% of urban surface waters concentrate before reaching a buffer zone (Schuler, 1995) . Steinke et al. (2007) explained that similar P loads exited nascent nonfertilized prairie and fertilized turfgrass buffer strips due to differences in biomass quantity and quality, plant residues, and the leaching of plant tissues. The prairie treatments were dominated by annual weeds and bare soil. Prairie vegetation should eventually dominate such a setting, however, so data from more mature vegetation are required to quantify how these two types of vegetation perform over longer periods of time and more accurately forecast any potential changes in nutrient loading as landscapes mature.
The United States Department of Agriculture (USDA) and USDA Natural Resources Conservation Service have recommended the use of vegetative filter or buffer strips to treat nonpoint-source pollution, a concept that has since been applied to the urban and nonagricultural sectors (WDNR, 2004; Krutz et al., 2005) . To optimize the performance of buffer zones, plant species are sometimes screened and recommended based on specific characteristics, such as rooting mass, chemical remediation, and aesthetics (Smith et al., 2008) . The need is for studies wherein there are side-by-side comparisons on the effects of vegetation types on urban P runoff loads. Steinke et al. (2007) have reported their results of the comparison between the establishment phase and turfgrass in the prairie.
The objectives of our study were to measure runoff P contributions from mature prairie and turfgrass and to relate the quantities of runoff P during times of FS to plant biomass.
Materials and Methods
The study site consisted of an originally 9-yr-old prairie at the University of Wisconsin O.J. Noer Turfgrass Research and Educational Facility near Madison, WI. The prairie was established from seed in 1994 using a shortgrass, medium soil seed mixture containing 18 forbs and three grasses (Stock #50002, Prairie Nursery). Soil on the site was a Dresden silt loam (fine-loamy over sandy, mixed, active, mesic, Mollic Hapludalf ) with a slope of 6.0 ± 0.2%. Soil characteristics included a pH of 7.1, 39 g kg -1 organic matter, 82 mg kg -1 P, and 242 mg kg In June 2003 the prairie was divided into 12 plots (1.63 m wide by 6.10 m long), allowing for installation of six replicates of two vegetation type treatments in a randomized completeblock experimental design. Each plot was bounded by inserting 12.7-cm-wide, heavy duty contractor grade plastic landscape edging (CobraCo Manufacturing Inc.) 10.2 cm into the soil. All prairie vegetation, including roots, bulbs, and tubers, was removed from alternate plots and replaced with a premium blend Kentucky bluegrass (Poa pratensis L.) sod grown by Paul's Turf and Tree Nursery on Houghton muck soil (euic, mesic, Typic Haplosaprist). Each plot was outfitted with runoff collectors constructed from aluminum sheet metal inserted at the downslope ends of the plots and attached to steel cutoff plates driven vertically 20.3 cm into the soil. The landscape edging was fitted to the collection devices, and silicon caulking was used to form a water-tight seal between the edging and the runoff collectors. Aluminum flashing (10.2 cm wide by 1.2 m long) was placed at a 15° angle over the lips of the runoff collectors to further guard against macropore water flow between soil and the collection device interface. The runoff collectors were outfitted with fiberglass screens to intercept large pieces of organic debris and to discourage nesting of small rodents. A 30.5-cm copper pipe connected the runoff collectors to a 76-L plastic trash can set in the ground over a bed of pea gravel. The trash cans were secured with pieces of steel rebar to prevent frost heaving. A 15-L plastic bin was placed inside each trash can for collection of small quantities of runoff water.
The experimental site was irrigated daily for 3 wk after sodding, just until the turfgrass had become well rooted into the underlying soil. No runoff resulted from irrigation. After plant establishment, no supplemental irrigation was provided, and runoff was solely dependent on natural precipitation events. The turfgrass was mowed as needed to maintain a height in the range of 6.5 to 7.5 cm and clippings left on the plots. The turfgrass received 48 kg N ha -1 in May, September, and November of each season in the form of a 21-1.3-10 (N-P-K) granular fertilizer containing 11.1% water soluble N and 9.9% slowly available N (Spring Valley). Phosphorus in the fertilizer was in the form of monoammonium phosphate, and the annual fertilizer P rate was 3.06 kg ha -1 . Time domain reflectometry probes (Model #CS616-L, Campbell Scientific, Inc.) were installed in all plots to continually monitor soil moisture. Probes were placed horizontally 1.52 m upslope of each collection weir and 3.8 cm beneath the soil surface. Soil moisture readings were recorded at 30-min intervals throughout the year, providing information on antecedent moisture levels at time of runoff initiation and vegetation influences on soil moisture. Frozen soil and nonfrozen soil (NFS) conditions were defined by soil temperature probes placed at a 5-cm depth in close proximity to the study (Campbell Scientific).
Runoff samples were collected between October 2003 and November 2005, and total volumes were recorded within 12 h of all natural precipitation events with sufficient redundancy as to prevent overflow of collection containers. A tipping bucket rain gauge measured precipitation data, which were stored in a datalogger (CR10X, Campbell Scientific). Runoff waters were manually mixed to resuspend sediment and organic matter just before removing 250-mL samples, which were stored at −10°C until analyses could be completed.
Water analysis of P included a two-step process: (i) converting the P form of interest to solution orthophosphate (H 2 PO 4 -or HPO 4 2-) through acid hydrolysis and (ii) the colorimetric determination of solution orthophosphate (Greenberg et al., 1985) . Total phosphorus was determined using a modified version of the ammonium persulfate and sulfuric acid digestion method (USEPA, 1993) . Colorimetric determination of orthophosphate was determined according to the ascorbic acid method (Murphy and Riley, 1962) . Bioavailable P (BAP) was determined using the iron oxide-impregnated paper strip method (Sharpley, 1993) . Total suspended solids (TSS) were determined by evaporating 50 mL of runoff sample in a tared beaker for 12 h at 105°C and reweighing to determine the TSS content. The dried residue was heated to 500°C in a muffle furnace, and weight reduction assumed to be a measure of organic suspended solids content.
Biomass was collected each autumn before snowfall and each spring after snowmelt to determine changes in P contents of the aboveground vegetation. Samples were collected on 10 Oct. 2003 , 9 Mar. and 6 Oct. 2004 , 2 Apr. and 18 Oct. in 2005 , and 29 Mar. 2006 . Biomass P contributions during FS conditions depend on an autumn through spring sampling period; thus, spring 2006 biomass sampling was done to attain additional data on the comparison and mass balance of P during this time period. Sampling was in accord with the methods described by Diboll (1986) and Rogers and Hartnett (2001) . One 0.1-m 2 sample ring was randomly tossed into each plot, and all vegetation was removed to the soil surface. Samples were oven-dried at 60°C for 48 h, weighed, and ground to pass through a 20-mesh sieve. Samples (100 mg) were analyzed for P by weighing into 50-mL beakers and heating for 2 h at 500°C in a muffle furnace. The ash was dissolved in 3 mL of 2 mol L -1 HCl and diluted with deionized water to determine P concentrations. Phosphorus concentration was determined by the vanadate-molybdateyellow method (Chapman and Pratt, 1961) .
Prairie and turf plots were visually rated monthly for ground cover (0-100% ground cover) and categorized as % intended species, % weeds, and % bare soil. Cover was placed into one of six categories: <1%, 1 to 4%, 4 to 10%, 10 to 25%, 25 to 50%, and 50 to 100%. At less than 10% cover, the median value within the category was used due to difficulties in precisely quantifying low percentages of ground coverage (Leps et al., 2001) . Beginning with the 10 to 25% surface coverage category, a precise percent cover was determined.
Data were evaluated with ANOVA, GLM, and a multivariate test procedure at P ≤ 0.05 using SPSS ver. 15.0 (SPSS, Inc.) to determine statistical significance. Significant year interactions prevented pooling of data across years for analysis.
Results and Discussion

Runoff Depth
Mean annual precipitation during the study period from Nov. (Table 1) . These volumes equated to 1.2 and 7.0% of annual precipitation. Total runoff volumes for turfgrass were 3.0 and 35.0 mm, respectively, for Bierman et al. (2010) observed over 3 yr in Minnesota that frozen soil runoff volumes from turfgrass ranged from 6 to 16% of annual precipitation.
Vegetation type did not significantly influence runoff volumes from FS, NFS, or total volumes during this 2-yr study (Table  1) . Seventeen runoff events occurred during Year 1, with nine of those events (53%) arising from snowmelt or precipitation on frozen soil. Although merely 7% of the total runoff from turfgrass occurred during frozen soil conditions as compared with 67% from prairie, these values may not be biologically significant because the annual total volumes involved were only 3 and 14 mm (Table 1 ). In Year 2 there were seven total runoff events, with six events (86%) occurring while the soil was frozen and accounting for 99% of the annual total runoff (Table 1) . Although 67 and 7% of the runoff from prairie and turf, respectively, occurred during frozen soil in Year 1, prairie runoff exceeded turfgrass runoff by more than 40-fold; however, the difference was not significant (P = 0.13). When 99% of the total runoff was from frozen soil in Year 2, total runoff from the prairie exceeded that from turfgrass by an insignificant 15%.
Type and timing of precipitation in addition to the rate of spring soil thawing influenced runoff and nutrient loading to a greater extent than the volume of precipitation. Despite twice the volume of precipitation in Year 1, the second year of the study generated 4.5 times more runoff volume. Winter precipitation amounts averaged 215 mm over both study years, but Year 2 resulted in an 8-fold increase in winter runoff volumes. Year-overyear discrepancies between precipitation and runoff occurred due to an earlier and more protracted 2004 winter runoff period. Above-normal temperatures in 2004 initiated winter snowmelt on 20 February and caused smaller-magnitude but more frequent (seven events over a 10-d period) runoff events to occur over several consecutive days. The earlier snowmelt period may have allowed some late winter precipitation to infiltrate partially thawed surface soil created by the flowing snowmelt runoff waters, ultimately reducing total runoff. Rainfall over frozen ground was the primary runoff source in 2005. Runoff tended to occur over large singular events spaced out during a 50-d period between 6 Feb. and 28 Mar. 2005. Cooler latewinter air temperatures reduced the rate of soil warming, further extending the time period for FS conditions and increasing the risk of runoff.
These percentages of total runoff occurring during months when soil is frozen are typical for climates such as that of the upper Midwest. Dominance of FS runoff within the year-long hydrologic cycle in comparable climates is typically in the range of 60 to 98% (Timmons and Holt, 1977; Easton and Petrovic, 2004; Steinke et al., 2007; Kussow, 2008) . Urban runoff models including SLAMM (Source Loading and Management Model) often use annual precipitation and runoff data in calculating pollutant loading and runoff rates (Pitt and Voorhees, 2002) and in estimating runoff P from different sources in the landscape (Waschbusch et al., 1999) . Data from our study document that, contrary to the assumption made in runoff models, greater annual precipitation does not necessarily translate into greater runoff volume or P loading rates. Runoff models that fail to account for FS runoff may not be capturing 60 to 99% of water and nutrient loads. Not considering snowmelt and FS runoff is likely to lead to erroneous conclusions regarding best management practices for the reduction of runoff P in urban areas.
Runoff Phosphorus
Although mean annual TP runoff concentrations were above USEPA limits for waters entering rivers (0.1 mg P L -1 in study Years 1 and 2, respectively, averaging 1.27 and 1.98 mg L -1 in individual study years. Plant species did not appear to be a driving factor in P runoff contamination because runoff from prairie and turf vegetation in the current study maintained relatively similar TP concentrations. However, certain plant systems may have physical or morphological characteristics (i.e., plant density, height) that have the potential to affect runoff volumes, which in turn can affect nutrient loading (Linde et al., 1995) .
Total P loads in runoff from prairie were 0.14 and 0.79 kg ha -1 in Years 1 and 2, whereas the loads for turf were 0.03 and 0.52 kg ha -1 (Table 2 ). These TP loads for prairies and turfgrass are within the ranges reported by other researchers for these plant communities in comparable climates but lower than the TP range reported by Soldat and Petrovic (2008) for natural precipitation plot-scale runoff studies (White and Williamson, 1973; Timmons and Holt, 1977; Steinke et al., 2007 , Bierman et al., 2010 . Factoring in mean runoff volumes, prairie and turf vegetation averaged 0.015 and 0.006 kg TP mm -1 of runoff, respectively, over the 2-yr study period. Hence, none of the data indicated that turfgrass fertilizer P application increased runoff P loads. Total P loads in the current study were related to total runoff (R 2 = 0.655). The data of Bierman et al. (2010) yielded an R 2 value of 0.732 for the relationship between runoff TP load and total runoff. Soluble P loading followed a similar pattern as TP, with larger losses occurring during FS conditions. Vegetation type affected SP loading (P ≤ 0.05) during the FS conditions of Year 2, but not in Year 1, when runoff volumes were much less (Table 2) . In Year 2, the prairie SP load exceeded turf by 58%. Across prairie and turf vegetation, mean SP loads represented between 33 and 57% of mean TP nutrient loads. This range extended lower than the 63 to 70% SP of TP found in immature prairie and turf and 70 to 77% SP of TP in runoff water from turf subjected to various cultural practices (Steinke et al., 2007; Bierman et al., 2010) . Prairie and turf vegetation averaged 0.008 and 0.005 kg SP mm -1 of runoff, respectively, over the 2-yr period. In the current study, soluble organic P was a minor contributor to SP loading (2-6%) and was not influenced by vegetation.
With only minor (≤0.04 kg ha -1 for prairie and ≤0.02 kg ha
for turfgrass) amounts of sediment in the runoff water from both types of vegetation, soil erosion was not a significant source of soil-bound P in this study. Bioavailable P losses were likely influenced by the lack of sediment and accounted for about 90 and 96% of SP losses for prairie and turf. This is consistent with the observation by Sharpley et al. (1992) that in runoff containing little sediment with adsorbed P, SP levels generally exceed those of BAP. A portion of the SP may also have reverted to other forms of P not detected by the BAP process. In contrast to the mature prairie researched in this study, Steinke et al. (2008) observed that an immature prairie had significantly greater sediment loads in runoff water than turf and higher quantities of TP, SP, soluble organic P, and BAP during the growing season. Phosphorus fertilizer contamination of runoff waters was not likely in the current study due to the proximity of P application in relation to timing of precipitation and runoff events. None of our fertilization events was followed by runoff-inducing precipitation events. The final P fertilizer applications occurred on 6 Nov. 2003 and 17 Nov. 2004 . Precipitation amounts of 5 and 10 mm occurred during the first 1 and 2 wk after fertilizer application in 2003, respectively, with an additional 36 mm of rainfall 16 d after application. A runoff-inducing precipitation event did not occur until 18 d after fertilizer application and was preceded by 51 mm of rainfall over the same time period. In 2004, 5 and 13 mm of rainfall occurred 1 and 2 wk after the final fertilizer application, respectively, with no runoff-inducing precipitation events occurring until the first snowmelt (56 d after application). The first snowmelt runoff events occurred on 20 Feb. 2004 and 13 Jan. 2005, 105 and 56 d after the respective P fertilizer applications. Non-runoff-inducing precipitation events likely allow P from water-soluble fertilizers to be adsorbed to soil or absorbed by the dense turfgrass root system (Soldat and Petrovic, 2008) .
Biomass Phosphorus
One of the objectives of this study was to test the assumption that replacement of fertilized turfgrass with nonfertilized native plantings such as prairies reduces runoff water P loads in urban areas. This was found not to be true, most likely because runoff P loads were dominated by runoff from FS (Table 2) . We hypothesized that, under this circumstance, vegetation P was a primary source of the SP in runoff waters because particulate P mobility was minimized in FS and a surface layer of ice formed a barrier between the soil and snowpack, which limited runoff water contact with the soil surface. Our hypothesis led to the examination of changes in the quantities of vegetative P in prairies and turfgrass during the winter months and of the relationship of these changes to runoff P loads from FS.
Prairie systems had significantly greater (P ≤ 0.05) quantities of aboveground biomass compared with turfgrass at each autumn and spring measurement, although the magnitude of difference was much less in the spring (Fig. 1A) . Prairie systems averaged 2.8 to 5.5 times greater aboveground biomass during autumn and 1.5 to 4 times greater biomass during spring as compared with turfgrass (Fig. 1A) . Biomass losses of 53, 33, and 73% occurred for prairie vegetation between the autumn and spring seasons of 2003-04, 2004-05, and 2005-06 Cool-season turfgrasses have the capacity to photosynthesize at above-freezing temperatures, and growth during periods of mild temperatures can occur. Although the occurrence of green photosynthetically active turfgrass vegetation during the winter months could reduce plant-derived P leaching from vegetation, turf could also uptake P from soil into plant through the plant's transpiration stream during periods of winter thaw (i.e., air 0.22 P value -0.10 0.14 0.04 -0.04 † FS, frozen soil; NFS, nonfrozen soil. ‡ Total P = soluble P + particulate P. § Soluble P = P determined by the methods of Murphy and Riley (1962) . ¶ Soluble organic P = soluble P after ashing -soluble P before ashing.
# Bioavailable P = soluble P + loosely bound particulate P.
and surface soil temperatures above freezing), thus potentially increasing biomass P losses later in the winter season. Biomass P losses between autumn and spring were calculated based on biomass P concentrations in autumn and spring and the biomass weight losses. These ranged from -7.41 to -11.21 kg P ha -1 for the prairie to -4.99 to 1.29 kg P ha -1 for the turfgrass (Table 3 ). The differences between the two types of vegetation were significant over both years (P < 0.01). In the five instances where there was biomass P loss, the losses were strongly related to FS total P loads (R 2 = 0.874). This did not account for the instance where turf biomass increased, but the FS total P loss from the turf in that year was still 0.52 kg ha -1 (Table  2 ) and only 34% less than the prairie FS total P loss of 0.79 kg ha -1 . Phosphorus concentrations did not significantly differ between prairie and turf vegetation during the three autumn seasons (mean, 4.1 g kg -1 P), but turfgrass did maintain greater P in spring of 2006 (Fig. 1B) . This may be explained in part by the report that even in fresh turfgrass tissue 4 to 6% of the P is water soluble (Kussow, 2008) . The total quantity of biomass P (concentration × quantity of biomass) contained on the soil surface was significantly greater for prairie than turfgrass on five of six sampling dates (Fig. 1C) . Though significant, biomass P losses sampled from vegetation in autumn and subsequently in spring were substantially greater than the quantity of P collected in runoff waters during this same time period. This may indicate that, after leaching from vegetation, a substantial portion of vegetative P may remain bound within the ecosystem.
Soil Moisture
One of the arguments for prairie plantings in urban landscapes is that the deeper-rooted prairie plants enhance water infiltration, and, by inference, prairies have reduced volumes of runoff (WDNR, 2002) . Because antecedent soil moisture before precipitation can affect the amount of runoff (Easton and Petrovic, 2004) , soil moisture was monitored between turf and prairie in the current study to help explain the potential utility of either vegetation type to mitigate runoff from unpredictable variations of precipitation intensity and frequency throughout the year. The turfgrass system had significantly greater (P ≤ 0.05) soil moisture during 129 d of 2004, whereas prairie vegetation had significantly greater (P ≤ 0.05) moisture for 40 d during this same time period (Fig. 2) . In 2005, soil moisture under prairie vegetation was significantly greater (P ≤ 0.05) for a total of 93 d as compared with 25 d for turfgrass (Fig. 2) . No significant volumetric water content differences were detected between the two types of vegetation for 197 and 247 d in 2004 and 2005, respectively . Turfgrass tended to have greater soil moisture than prairie during the winter months of January, February, March, and December, whereas soil moisture was greater under prairie throughout the April and early May time periods.
Particular attention was paid to changes in soil moisture content between prairie and turfgrass during NFS conditions after a precipitation event. Situations were identified during the two growing seasons when there was no precipitation for 5 d or more, when soil drying was evident, and when the dry spells were followed by precipitation events of 10 mm or more. Changes in soil moisture contents 24 h after the precipitation event were then noted for the two types of vegetation. These conditions arose six times in 2004 ( Fig. 2A ; Days 184, 210, 236, 258, 274, and 287) C-3 turfgrasses appear to reduce soil moisture in the spring due to early growth while C-4 prairie plants are dormant. This condition reduces antecedent soil moisture, which can absorb precipitation and perhaps reduce amount of runoff. Another influential factor may be differing amounts of soil surface exposed for absorption of radiant energy. Prairie vegetation maintained a significantly (P ≤ 0.05) greater quantity of exposed bare soil as compared with turfgrass (Tables  4 and 5 ). Mean exposed soil values averaged 26.1 and 6.1% for prairie and turf respectively over the two growing seasons. 
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Conclusion
In climates receiving snowfall and 3 or more months of soil freezing, runoff volumes are dominated by runoff occurring from approximately December through early March, the time of snow melt. Fertilized and nonfertilized types of vegetation resulted in similar runoff P quantities. Plantderived P resulting from leaching of living and senescent vegetation dominated runoff P as compared with sedimentrelated sources of P in areas of mature prairie or turfgrass and was a large contributor to runoff P. On average, runoff TP increased 0.106 kg ha -1 for every kg ha -1 reduction in biomass P. Thus, shorter herbaceous vegetation appeared to contribute less P than herbaceous vegetation that is allowed to grow uncontrolled and achieve greater biomass. Annual runoff water P loads were highly correlated with quantity of runoff, and runoff during FS conditions comprised 57 to 100% of runoff P losses across all forms of P. Consequently, runoff collected when soil was frozen nullified any differences in runoff water P loads between prairie and turfgrass and created a substantial baseline level of contamination that may exceed regulatory levels. 
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